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Abstract
The article deals with a multi-storey monolithic concrete building calculation on the earthquake. The problem is solved in the 
time domain by a direct dynamic method. Direct integration of motion equations is carried out on an explicit scheme. This 
technique allows us to solve the problem in a nonlinear dynamic formulation considering geometric and physical nonlinearities. 
The paper presents and analyzes the main results of the calculation.
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1. Problem Statement
As a platform for calculation software package LS-DYNA was used, direct integration of the motion equations on 
an explicit scheme being implemented [1].
The differential equations of motion in a system with a finite number of degrees of freedom in the matrix form 
can be written as:
   aMu Cu Ku f  (1)
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Nomenclature
u required vector of nodal displacements
u vector of nodal speeds
u vector of nodal accelerations
M mass matrix
C damping matrix
K stiffness matrix
af vector of applied loads
When calculating, this direct dynamic method allows to take into account the geometric, physical and structural 
nonlinearity. Thus, this problem is solved in a nonlinear dynamic formulation [2]. The calculated model of a 5-
storey building with a cross-wall design scheme, foundation structures and soil mass, which may serve as a basis for
the foundation slab construction, is shown in Figure 1.
Fig.1 Finite element model of the building jointly with a ground base.
Structural features of the building:
x The structural layout - cross-wall.
x floor height - 3 m.
x Wall and floor material  - reinforced concrete, concrete class - B25, fittings - A500C.
x load-bearing wall thickness - 200 mm, the elevator shaft wall - 250 mm, slabs - 220 mm, foundation plate - 400
mm.
x Maximum slab span floor - 6.2 m
x Building dimensions in the plan 20 x 25 m, height of the building - 20 m.
Bearing structural elements of the building - floors and walls were modeled by spatial shell elements, reinforced 
concrete foundation slab and ground array - by volume elements. When taking into account physical nonlinearity of 
reinforced concrete, bilinear model of behavior of the material with a yield strength equal 20TV  MPa was taken.
When the value of intensive plastic deformation in the element equals 0,002pliH  , the destruction of the element is 
assumed, and in this case it is excluded from the calculation scheme.
For the foundation soil Mohr-Coulomb model was taken [3,4]. The dynamic characteristics of the base were 
specified as follows:
x density U   kg / m3.
x internal friction angle 5M  $ .
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x specific cohesion 1 c kPa.
x dynamic shear modulus 150G  MPa.
The impact was applied to the boundaries between the base of the foundation slab and a soil file. The damping 
value for all structural elements was taken equal to 5% of critical damping. Realization of a random seismic impact 
is normalized to the maximum acceleration max 4a  m/s2, which corresponds to 9 points intensity earthquake on the 
MSK-64 scale [5, 6]. Figure 2 shows the accelerogram (component ɏ ) of the original seismic impact.
Fig.2. The X component of a 9 point intensity exposure accelerogram.
2. The results of the calculation
Figure 3 shows a mosaic of stress intensity iV in the supporting structural elements. As it is seen, the maximum 
stresses occur in the angular wall elements of the ground floor.
Fig.3. The intensity of the stresses in the load-bearing structural elements at t = 10,05 s.
Fig.4 shows a graph of the intensity of the stresses iV in the most loaded element of the ground floor.
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Fig.4. Graph of the stress intensity iV in the most loaded elements of the ground floor.
Fig.5 shows a graph of the horizontal displacement r' of one of the units covering the building relatively to the 
foundation plate along one of the global axes.
Fig.5 Graph of changes of the node coverage horizontal displacement r' relatively to the foundation slab.
Fig.6 shows a graph of changes in lateral acceleration ra of the point along the global axis Y.
Fig.6. Graph of horizontal acceleration ra changes of a coverage point.
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3. Conclusions
The offered technique allows the calculation of multiple systems based on different types of nonlinearities with
the soil base interaction in the time domain taking into account. This makes it possible to carry out an assessment of 
the real seismic resistance of buildings and structures on a non-collapse criterion and, thus, design constructions 
with a given level of seismic resistance.
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